
8. WGS 84-TO-LOCAL GEODETIC SYSTEM DATUM TRANSFORMATIONS 

As exp la ined  i n  Chapter '  1, it i s  advantageous f o r  many reasons t o  have a 

s i ng le ,  accurate,  ear th -cen te red  geodet i c  system which can be used wor ldwide 

f o r  a l l  MC&G a p p l i c a t i o n s  and a c t i v i t i e s .  Therefore,  a  key WGS 84 development 

task  has been t h e  development o f  techniques o r  procedures f o r  r e fe renc ing  

l o c a l  geodet i c  systems t o  WGS 84. The success o f  t h i s  endeavor i s  ev i den t  

f rom Chapter 7, which d iscusses t h e  a v a i l a b i l i t y  o f  approaches f o r  t r a n s -  

fo rming  83 l o c a l  geode t i c  systems t o  WGS 84. Th is  i s  hear ten ing,  i n d i c a t i n g  

t h a t ,  f o r  t h e  f i r s t  t ime,  t h e  p o t e n t i a l  e x i s t s  f o r  r e p l a c i n g  t h e  use o f  83 

l o c a l  geodet i c  systems i n  MC&G a p p l i c a t i o n s  and a c t i v i t i e s  w i t h  a  s i n g l e  

geocen t r i c  system, WGS 84. Since such a major o b j e c t i v e  has been achieved, 

why should a WGS 84- to-Local  Geodetic System Datum Transformation, a  reverse  

process which appears t o  be counter  t o  one o f  t h e  main o b j e c t i v e s  of t h e  

WGS 84 development, wa r ran t  a t t e n t i o n ?  

The answer t o  t h e  preceding ques t ion  r e s t s  w i t h  NAVSTAR GPS User Equip- 

ment and t h e  con t inued  a v a i l a b i l i t y  ( a t  t h i s  t i m e )  o f  mapping, cha r t i ng ,  and 

geodet i c  p roduc ts  r e fe renced  t o  l o c a l  geodet i c  systems. The s tandard ou tpu t  

o f  NAVSTAR GPS User Equipment c o n s i s t s  o f  WGS 84 geodet i c  l a t i t u d e ,  geodet i c  

long i tude ,  and geodet i c  he igh ts ,  and WGS 84 - re l a ted  e l e v a t i o n s  above mean sea 

l e v e l .  S ince many l o c a l  geodet i c  systems a re  c u r r e n t l y  s t i l l  i n  use, an 

approach i s  needed f o r  c o n v e r t i n g  GPS-derived WGS 84 coord ina tes  t o  l o c a l  geo- 

d e t i c  system coord ina tes .  The r e l e v a n t  formulas, a  rearrangement o f  Equat ions 

(7-6) and (7-5)  f rom Chapter 7, r e s p e c t i v e l y ,  are: 



Values o f  A$, AX, AH f rom t h e  Loca l  Geodet ic System-to-WGS 84 Datum 

Trans fo rmat ion  techniques d iscussed i n  Chapter 7  may a l s o  be used t o  o b t a i n  

t h e  A+, AX, 4-i da ta  needed i n  Equat ion (8-1) .  I n  t h e  case o f  t h e  A+, AX, AH 

M u l t i p l e  Regress ion Equat ions,  s imp ly  eva lua te  t h e  equa t ions  us i ng  t h e  WGS 84 

, A, H coo rd i na tes  o f  t h e  s i t e  be ing  converted, and i n s e r t  t h e  de r i ved  A$, 

AX, dH va lues i n  Equa t ion  (8-1)  t o  o b t a i n  t h e  s i t e ' s  l o c a l  geode t i c  system 

coord ina tes .  The Molodensky Formulas may a l s o  be s i m i l a r l y  used if WGS 84 

E 11 i p s o i d  parameters (a, f )  and s t a t i o n  coord ina tes  r ep lace  t h e i r  l o c a l  

geode t i c  system coun te rpa r t s  i n  t h e  formulas (Tab le  7.81, and Loca l  Geodet ic 

System-to-WGS 84 Datum Trans fo rmat ion  parameters ( AX, AY, AZ, Aa, ~ f )  a re  used 

as l i s t e d  (Tab le  7.21), o r  Table 10.1 o f  [8.11, w i t h o u t  s i g n  change. 

The accuracy o f  t h e  convers ion process p r o v i d i n g  l o c a l  geode t i c  system 

coo rd i na tes  v i a  t h e  above approach i s  d i s c e r n i b l e  from t h e  reve rse  procedure 

where l o c a l  geode t i c  system coord ina tes  a r e  t rans fo rmed t o  WGS 84 coord ina tes  

u s i n g  M u l t i p l e  Regress ion Equat ions o r  Molodensky Formulas and then  compared 

w i t h  known WGS 84 coord ina tes .  Such coo rd i na te  comparisons were made a t  433 

and 405 NAD 27 s i t e s ,  r e s p e c t i v e l y ,  i n  t h e  Cont iguous Un i t ed  States.  The RMS 

and maximum c o o r d i n a t e  d i f f e r e n c e s  l i s t e d  i n  Table  8.1 a re  a l s o  a p p l i c a b l e  f o r  

WGS 84-to-NAD 27 Datum Transformat ions accomplished u s i n g  M u l t i p l e  Regression 

Equat ions o r  Molodensky Formulas ( i g n o r i n g  t h e  e r r o r  c o n t r i b u t e d  by t h e  GPS 

system e r r o r ) .  (A l though  no t  a  t o p i c  f o r  f u r t h e r  d i scuss ion  here, GPS system 

e r r o r  must be taken  i n t o  account when de te rmin ing  t h e  accuracy of GPS-derived 

l o c a l  geode t i c  coord ina tes .  ) A d d i t  iona 1  i n f o r m a t  i o n  i s  con ta ined  i n  Tables 

7.12 and 7.18 f o r  o t h e r  major l o c a l  geode t i c  systems. 

Loca l  Geodet ic  System-to-WGS 84 Datum S h i f t s  ( l o c a l i z e d ,  r eg iona l ,  o r  

mean va lues) ,  Table  10.1 o f  C8.11, may be taken  d i r e c t l y  f rom t h e  t a b l e  and 

i n s e r t e d  i n  Equa t ion  (8-2)  t o  o b t a i n  l o c a l  geode t i c  system X, Y, Z coord ina tes  

f o r  a  s i t e  w i t h  known WGS 84 X, Y, Z  coord ina tes .  I f  t h i s  WGS 84- to-Local  

Geodet ic  System Trans fo rmat ion  approach i s  used, b u t  t h e  l o c a l  geode t i c  system 

coord ina tes  a re  needed i n  9, A, H form, Equat ions (7-15),  (7-161, and (7-17) 

may be used t o  accompl ish t h e  (X, Y, Z) - t o  - (+, A, H )  conversion. The 

accuracy o f  t h e  process p r o v i d i n g  l o c a l  geode t i c  system coord ina tes  v i a  t h i s  

approach i s  a l s o  d i s c e r n i b l e  from Table 8.1 i f  mean datum s h i f t s  were used i n  



t h e  convers ion  process. As s t a t e d  e a r l i e r ,  t h e  RMS and maximum coo rd i na te  

d i f f e r e n c e s  l i s t e d  i n  t h e  Table f o r  a  comparison i n v o l v i n g  405 s i t e s  a re  a l s o  

a p p l i c a b l e  f o r  a  WGS 84-to-NAD 27 Datum Trans fo rmat ion  accomplished us i ng  t h e  

Abr idged Molodensky Datum Trans fo rmat ion  Formulas and mean datum s h i f t s  

( , , . (As e a r l i e r ,  t h e  e r r o r  c o n t r i b u t e d  by t h e  GPS system e r r o r  i s  

n o t  r e f l e c t e d  i n  t h e  t a b u l a r  r e s u l t s . )  A d d i t i o n a l  i n f o r m a t i o n  i s  con ta ined  i n  

Table  7.12 f o r  o t h e r  major  l o c a l  geode t i c  systems. 

The use i n  GPS r e c e i v e r s  o f  a  WGS 84- to-Local  Geodet ic System Datum 

Trans fo rmat ion  techn ique  capable o f  p r o v i d i n g  b e t t e r  r e s u l t s  than  those - - 
achievab le  th rough  t h e  use o f  mean datum s h i f t s  ( AX, AY, AZ ) w i l l  improve 

t h e  accuracy o f  GPS-derived l o c a l  geode t i c  system coord ina tes .  A l though t h e  

l a r g e  NAVSTAR GPS "system" e r r o r  o f  f10 meters (one sigma, l i n e a r )  i n  t h e  

dynamic mode 18.21 - 18.41 c u r r e n t l y  l i m i t s  t o  a  l a r g e  e x t e n t  t h e  improvement 

t h a t  a  more accu ra te  WGS 84- to-Local  Geodet ic System Datum Trans fo rmat ion  

techn ique  can make i n  GPS-derived l o c a l  geode t i c  system coord inates,  t h i s  

"system" e r r o r  w i l l  undoubted ly  be reduced i n  t h e  nex t  few years. Var ious 

i n v e s t i g a t i o n s  have a l r e a d y  i d e n t i f i e d  t h e  d i f f e r e n t i a l  ope ra t i ng  mode and 

o t h e r  approaches t h a t  m igh t  be used t o  e f f e c t  a  "system" e r r o r  r e d u c t i o n  [8.2] 

- C8.171. As a  r e s u l t ,  NAVSTAR GPS r e c e i v e r s  w i l l  soon r e q u i r e  geode t i c  da ta  

and implement ing equa t ions  o f  t h e  b e s t  p o s s i b l e  accuracy. 

Th i s  b r i e f  Chapter on WGS 84- to-Local  Geodet ic System Datum Transforma- 

t i o n s  has been i n c l u d e d  i n  deference t o  those  i n v o l v e d  i n  GPS User Equipment 

(UE) development and a p p l i c a t i o n s .  To ensure e x t r a c t i o n  o f  geode t i c  data o f  

t h e  b e s t  p o s s i b l e  accuracy f rom GPS r e c e i v e r s  and commonality o f  ou tpu t  da ta  

f rom r e c e i v e r s  used by va r i ous  DoD elements, deve lopers  should  c o n t a c t  DMA 

p r i o r  t o  p roceed ing  w i t h  r e c e i v e r  development. Th i s  i s  necessary t o  ensure 

t h a t  t h e  UE-re la ted WGS 84 da ta  a v a i l a b l e  f o r  u t i l i z a t i o n  i s  cu r ren t ,  i n  t h e  

most a p p r o p r i a t e  form, and o f  t h e  bes t  accuracy poss ib le .  Geode t i ca l l y -  

r e l a t e d  a c t i o n s  t h a t  need t o  be taken  w i t h  r espec t  t o  f u t u r e  NAVSTAR GPS 

r e c e i v e r  development e f f o r t s  inc lude :  

- The improved de te rm ina t i on  o f  GPS-derived l o c a l  geode t i c  system coor-  

d i na tes .  Th i s  i nvo l ves  upda t i ng  t h e  UE in-use l i s t  o f  l o c a l  geode t i c  



systems and r e p l a c i n g  t h e  c u r r e n t l y  used datum t r a n s f o r m a t i o n  formulas 

w i t h  a more accura te  datum t rans fo rma t i on  technique. 

- The improved de te rm ina t i on  o f  GPS-derived height-above-mean sea l e v e l  

values. Th i s  i nvo l ves  replacement of t h e  UE in-use 10°xlOO g r i d  o f  

geo id  h e i g h t s  and i n t e r p o l a t i o n  scheme w i t h  a h i ghe r  r e s o l u t i o n  1°x10 

( o r  Z0x2") equal-area g r i d  o f  geoid he igh t s  and a s l i g h t l y  improved 

geo id  h e i g h t  i n t e r p o l a t i o n  scheme. 

The WGS 84- re  l a t e d  geodet i c l g r a v i m e t r i c  products  necessary t o  e f f e c t  t h e  

above UE-re la ted improvements a re  a v a i l a b l e  a t  DMA. The DMA p o i n t  of con tac t  

f o r  d iscuss ions  on such GPS UE-re la ted t o p i c s  i s  the: 

D i r e c t o r  
Defense Mapping Agency Systems Center 
ATTN: SGS 
S u i t e  800 
8301 Greensboro D r i v e  
McLean, V i r g i n i a  22102 
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Table 8.1 

WGS 84 "True"* Coordinates Minus WGS 84 Coordinates 
Calculated Usins Different Local Geodetic System-to-WGS 84 Datum Transformations - 

- NAD 27 (CONUS) - 

RMS 
Differences 

[Tables 7.12, 7.181 

Maximum 
Differences** 

Units = Meters 

Coordinate Differences From Using 
-- - 

Multiple Regression Equations Abridged Molodensky Formulas 
and Mean Datum Shifts ( n,n,n 

* Determined using the NSWC 92-2 to WGS 84 Transformation (Table 2.4) 

** Without regard to sign 
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